A model that relates hydranulic permeability to water flux and to gradients in pressure potential and solute potential was tested using soybean (Glycine max) plants. Water flux (19, 20, 22). Fiscus (4) proposed a model coupling water and solute fluxes to explain at least some of the data cited. Of that available to him, only the data of Lopushinsky (11) (16) except for using half-strength nutrient solution and improved containers. The latter consisted of side by side Plexiglas compartments, each 3 x 3 x 29.5 cm internal dimensions, into which 240 ml of solution was placed (Fig. 1) . Improvements were greater sensitivity for measuring liquid absorbed by roots, automation in recording the amounts absorbed, and prevention of mechanical injury to roots. The value of I This research was supported by National Science Foundation Grant GB-21016. uninjured roots is particularly important in preventing entry of PEG2 (9, 16).
A considerable body of data seemed explainable only if the permeability of plants to water varies with changes in rates of water flux (19, 20, 22) . Fiscus (4) proposed a model coupling water and solute fluxes to explain at least some of the data cited. Of that available to him, only the data of Lopushinsky (11) and Mees and Weatherley (12) were adequate for testing; and Fiscus believed his model to be compatible with their data. Dalton et al. (3) independently proposed the same model and also indicated it to be consistent with the data of Mees and Weatherley. Newman (20) used various methods to reject the conclusions of Fiscus and of Dalton et al. Newman also suggested a two-membrane, threecompartment model as more realistic than the single membrane, two-compartment model of Fiscus; nevertheless he concluded that these models predicted essentially the same water fluxpressure gradient relationship.
This manuscript reports the testing of the model of Fiscus (4) and Dalton et al. (3) for applicability to data obtained in my laboratory from soybean divided root systems (10) , reexamines the model's applicability to amenable published data, and considers other evidence regarding root permeability to water.
MATERIALS AND METHODS
Experimental. Soybean (Glycine max [L.] Merr. cv Bragg) plants were grown with divided root systems in solution culture as previously (16) except for using half-strength nutrient solution and improved containers. The latter consisted of side by side Plexiglas compartments, each 3 x 3 x 29.5 cm internal dimensions, into which 240 ml of solution was placed (Fig. 1) . Improvements were greater sensitivity for measuring liquid absorbed by roots, automation in recording the amounts absorbed, and prevention of mechanical injury to roots. The value of I This research was supported by National Science Foundation Grant GB-21016. uninjured roots is particularly important in preventing entry of PEG2 (9, 16) .
To begin treatment, the nutrient solution was drained from one compartment and replaced by nutrient solution plus PEG. To end treatment, the compartment was drained, flushed with distilled H2O three or four times, and refilled with nutrient solution. Before, during, and after treatment, water absorption rates of both sides of divided root systems were monitored.
The /,, of the nutrient solution was -0.37 bar. Concentrations required for. desired 8 , , values of PEG were obtained from published values (17) . The PEG content of each slightly diluted solution recovered from treatment of roots was measured gravimetrically (17) . Some greater than 1 x 10-11 mol cm-2 sec-1 seems unlikely because any value above this requires q2 to be equal to 4is1 at rates of water flux that are much too high (8, 18) . This value of k is within the ranges used by Fiscus (4), Dalton et al. (3) , and Newman (20) .
Maximum developable root pressure is q,,2 at Jl. = 0. On the untreated side of the divided root system, pu was always 0; therefore qP42 = At,,u (equation 3) and, at J,. = 0, AP,)U = o*/w (reduced equations 1 and 2). Setting maximum root pressure to range between 0.2 and 5 bars and k, between 0.1 x 10-11 and 1.0 x 10-11 mol cm-2 sec-', the above equation set corresponding values for w. All of these were used, in equation 4 and with the relationship of S to Atq, to relate o-ip, to J,. for four limiting combinations of k and maximum root pressure, within which any actual combinations should fall (Fig. 2) .
Because PEG does not penetrate cell walls (14) , its t/i should be equivalent to the ql, of roots immersed in unpressurized (20) continued this usage, q., notation is preferred and will be used here. Basic (2) Atpl = P2 -pl and AtO,, = 'PS2 -Ol (3) To permit equation 1 (Fig. 3,  upper) . Summing the number of additions by 15-min periods produced totals not varying by more than two, except over long periods where circadian rhythms were responsible (Fig. 3 value of about 0.77 at 1 hr after lights on to 1.00 at about 5 to 6 hr after lights on followed by a gradually steepening rate of decrease to about 0.64 at 13 hr after lights on (10) .
Progressively increased concentrations of PEG slowed and eventually nearly stopped water absorption from the treated side (Fig. 4) . In the example shown, the treated side had originally supplied more than half of the water. Marked reduction on the treated side resulted in slight reduction of the total absorbed (Table I) , but no symptoms of plant stress ever were evident.
Values for J,U and J1 (Table I) were calculated from absorption rates and the data of (Fig. 4 , L constant) were much closer to 0. Figure 2 .
Moreover, predicted *p2 night values were about -0.5 and 0.5 bar (Fig. 4) (Fig. 2) , the 13 pairs of J, during light hours (Table I) (Fig. 4) . (Table II) was among the lowest for 28 plants measured, for which the range was 0.25 X 10-7 to 1.27 x 10-7 and the mean was 0.64 x 10-7 cm sec-I. Combinations 1 and 2, with constant L, and combinations 1, 2, and 4, with variable L, predicted values within this range (Table  III) . A value of k closer to 0.1 x 10-11 than to 1.0 x 10-11 mol cm-2 sec-I appears to be favored by such results.
Ten comparisons of the 4102 values of exudates from decapitated roots in full strength nutrient solution ranged from 0.5 bar greater to 0.5 bar less than p,, with a mean of nearly 0.2 bar more negative. Only combination 3 with variable L (Table III) (8, 18) .
Newman (20) , considering the model to require constant L, showed that the data from decapitated tomato root systems of Mees and Weatherley (12) (Fig. 2) . Paired values have the same symbol. The overwhelming weight of evidence favors variable root permeability to water. If L varies, so then may some of the other "constants" of the model; and the question of valid use of the model when L is permitted to vary must be raised. Satisfactory knowledge of these relationships for any species and possible utility of the model as defined by equations 1 through 3 must await more nearly complete data.
